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bstract

By mounting small disc reflectors that are moveable relative
to the inner reflector surface of a parabolic dish antenna,
nulls can be generated in the side lobe region of the power
radiation pattern with minimal distortion effects to the main
beam. A physical optics model of this antenna system is
developed to investigate in a simplified direct manner the
phenomena of phase nulling caused by disc movement.

Array theory using isotropic radiators is used to sample the
aperture distribution to approximate the far field electric
field of the dish. A physical optics approximation for
scattering off a flat metal disc is used for discs and feed
blockage effects. The array theory term plus the feed blockage
term yields the field intensity quiescent patterns, phase and
amplitude, proportional to |Equiescent(6,¢)] . The physical
optics term for the discs yields the field intensity
cancellation patterns, phase and amplitude, proportional to
'ECancellation(0v¢)|- The quiescent patterns are combined
with the cancellation patterns to produce the relative power
pattern, nulled pattern, proportional to |ETota1(9:¢)|2- No

secondary effects such as diffraction or edge illumination are

considered.
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: 'l::if. A computer code was written to implement this approach and :;:
l the theoretical patterns produced. Actual measured patterns are .__.,

compared to the theoretical patterns. There is good agreement :’
E between theory and actual measurements. Finally applications of '~:::'.:
! this antenna system are presented. _\_..\
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PHYSICAL OPTICS MODEL OF
SIDE LOBE NULLING BY DISCS
ON A PARABOLIC REFLECTOR

1. Introduction

Background

Dr. J. Leon Poirier and Daniel Jacavanco at the

Electromagnetic Sciences Division, Rome Air Development Center,

first proposed the ldea of adaptive nulling by Electrostatically

T
Controlled Membrane Reflectors (EMR) such as Figure 1. ﬁ: f
C
ATTACHMENT RING -
ALIGNMENT nma\‘j N
+ : AR
B : S
B £ 4 o
- 4 1':'-
- / TENSIONED -
- —@—W REFLECTOR
I . -
C I ! INITIAL
I MEMBRANE
POSITION
o
|
I DEFLECTION, A= 3.4 tn
RIGID '.‘:" “' A
ELECTRODE | RO
RING #1 : .
.\‘-- .h
o O ] N
” I ) /c;u“ﬂ“ s
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\ ' Sa
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Figure 1. Electrostatic Membrane Reflector

(Adaptive Reflector, 1984c) -
1 o
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i This type of reflector antenna was originally proposed for space
o - applications (Lang, 1978). The feedback circuitry of (EMR) e
3 could be used to systematically distort the reflector surface to §§§E
? form nulls in selected directions of the side lobe region of the §§§§

antenna. A distortion of the reflector surface would change the
phase of a corresponding region of the aperture field
distribution thus generating a perturbation in the radiation
pattern. By appropriate control of the feedback circuitry a

- null could be "moved” in the desired direction to eliminate any
i interference from that direction. The theoretical basis for
this scheme was investigated by Havens (Havens, 1983). It was
found that the control problem of maintaining a perfect shape,

such as a paraboloid was extremely difficult. Thus, the use of

selective distortion appeared too complicated for practical use.
§§ Historically adaptive nulling in the side lobe region has
> been accomplished by arrays. Computer controlled, these

antennas are capable of steering their main beams and nulls.

Arcay antennas, however, are complex, costly, and heavy in

comparison with reflector antennas. 5
o "In the summer of 1983 Jacavanco demonstrated it was
. possible to produce nulls in the pattern of a rigid reflector by Oy
mounting discs on the reflector dish and adjusting their
,; distance off the dish by computer algorithm controlled motors as
shown in Figure 2" (Rudisill, 1984b:1).
These antennas are much simpler to construct and offer high

~ maximum gain per unit weight. This approach offers flexibility

AR
[\
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and improved signal to noise ratios in an already widely used o~

antenna. Indeed this has been proven for a multitude of

i
'r"r Ty
.

P Jad

- parabolic reflectors, multiple disc sizes, and disc placement by

4

oy,
[}

“V.‘l’

Jacavanco at the Electromagnetic Sciences Division since the

L
R
bl

summer of 1983.

MOTOR e
DRIVERS -
f‘ ‘.-' :1
' LOGIC -
- S~BAND <
HP 9836 v
RECEIVE Y
._ b
3 Figure 2. Computer Controlled Discs---Parabolic Reflector
- (Adaptive Reflectors, 1984c; Research, 1985bc)
o .
| From January to November 1984, Rudisill developed a e
theoretical background for the system of Figure 2. He used =
i
. aperture integration and modeled the disc’s effect on




the aperture field as a phase shift across a circular projection
of the disc into the aperture plane. The feed was assumed to
produce a parabolically tapered electric field. This approach
required large amounts of computer time for numerical
integration and theoretical results from the model compared
poorly to experimental results. He concluded this to be a
result of too idealistic an antenna model rather than error in
basic theory (Rudisill, 1984a:7,59).

During this same period Jacavanco modeled the system of
Figure 2 using linear array theory. His model showed with
reasonable accuracy the salient features of nulling with two

discs (Jacavanco, 1984b).

Approach

The present approach is similar to Jacavanco’s linear array
model. It uses 841 isotropic radiators spaced 0.25 wavelengths
apart to simulate the actual normalized aperture distribution,
approximating the far zone electric field of the reflector. The
disc and feed blockage effects are approximated using a physical
optics method of scattering by flat metal discs, assumed to be
perfectly conductive (see Figure 3). All three terms are
combined to produce a system relative power pattern in the

H-plane. The Relative Power Pattern is proportional to

I'%'Torr(omzmlz = l‘%’ggo.¢$=0)+’Es1z(o,¢>=0)—EFB(0,¢=0)|2
s

Total) (Scattering (Feed

Discs 1&2) Blockage)
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where: EroT(9,¢=0) is the total complex vector electric
field for the H-plane.
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Ep(e,0=0) is the total complex vector electric
field from the reflector without
discs and feed blockage.

LORRNE

1y

hatan
o

N
e
.

Es12(0.¢=0) is the complex vector electric field
from scattering off the two discs.

EFB(0,0=0) is the complex vector electric field
from scattering off the parasitic X
reflector. e

Figure 3. Two Discs on a Parabolic Reflector ﬂﬁc

"The effect of the aperture blocking can be approximated by e

subtracting the radiation pattern produced by the obstacle from

o the radiation pattern of the undisturbed aperture” (Skolnick, K
R 1962:269). A description of the system follows this section. N
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Antenna System Description sy
N The antenna system modeled is shown again in Figure 4 for
.
- reference. The drive motors are not attached in Figure 4.
i
.‘n
¥
3 )
- ‘_-."_L"
- .;_:.-_-;
B N
- .. - -
- Figure 4. Antenna System Modeled RS
o (Research, 1985bc) e
: B
The antenna is a prime-focus, S-band, general purpose, parabolic -~
f} reflector. 1t was driven at 3.12 Ghz through a rear fed
S half-wave dipole using a parasitic circular reflector disc at a
distance equal to one-fourth wavelength from the dipole. The
dish measures two feet in diameter and the focal distance from :3{:
if dish vertex to parasitic reflector is 6.8 inches. The feed o
- polarization is assumed to be purely linear in the vertical (-y) e
a7 PN
- direction (see Coordinate System page 14). The feed blockage is ;3{
ﬁf assumed to be a two inch diameter disc at the center of the f&?
-, N
> .- aperture plane. The discs are five inches in diameter and are o
E; - placed symmetrically six inches from the feed arm. The 135
» NG
N 6 A




" supporting rods that move them, relative to the reflector inner
o, surface, lie on a common line with the dish vertex and
ﬁ perpendicular to the dipole direction (see Figure 5).

‘.I
) L]

L

i '-"i-",'"
;" :::*.:'.::
J_ ol
D o
- e
-~ e,
- PARASITIC '

- REFLECTOR 7‘{.'7_.-
- R
- N
- e
: 3
" Figure 5. Disc Location: Front View (Not to Scale) fiﬁ
- Geperating a Nulled Relative Power Pattern
o The antenna system is mounted on a pedestal that can move in Egi

. azimuth or elevation planes (see Figure 6). A pyramidal horn, N

N 175 feet away acts as a transmitter/jammer. The transmitter E:ﬁ
. ',\:_-‘
7 illuminates the frontal aspect of the dish at 3.12 Ghz and is ;ﬁg

L ]

= assumed to be in the far field of the antenna. It is assumed EF;

o Lo
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Figure 6. Antenna Mounted on Pedestal

(Research, 1985bc)
plane waves of one milliwatt intensity, vertically polarized are
intercepted by the dish. The pedestal is fixed in the elevation
plane so that only azimuthal rotation occurs. Since the
incident E-field is vertically polarized, this rotation will
generate on H-plane pattern. The discs are held flush on the
inner reflector surface (see Figure 6) and a system quiescent
power pattern is recorded. A Scientific-Atlanta Series 1580 ‘
Pattern Recorder was used. Once the quiescent pattern is
recorded it is rewound so the nulled pattern can be recorded
over it in a different color ink for comparison purposes. To
accomplish the nulled pattern the antenna is rotated so the

signal is received at some arbitrary point in the side lobe

-,

'y
P 4
R

Tl
3

LAXA
)
.:E;‘)

1 B

.
2
o\

I"r‘
L)
e
LTSRN

s
.
Dol

* :’; oo

M
o

SO .’
VA

‘.
atele
8 l'!lv"l
PP AT
sy b e N
e ettty
. ISR
> b

-
i Ny
* ‘n-'l“'
e
LI P N

L ool
EA ]

v e

Y
e

B A
NI

L ]
SRy




R OO A C AR AL N SR SRR AT S

region. It is held there while the system computer finds the
optimum position for the discs to minimize the received signal.
With the discs in the optimum position a new power pattern
(nulled pattern) is recorded over the quiescent power pattern.

The antenna system uses an algorithm to minimize the
received signal. It varies the discs, one at a time, from flush
to their maximum out extension (1/2 Revolution = 1/32 inch out
from reflector surface) through thirty-two possible positions.
At each position the actual distances of the discs from the
reflector surface are recorded as electric phase angles and the
Power Total (PTOT) is recorded corresponding to the electric
phase angles. A gradient search of the data is performed for the
combination of phase angles and PTOT that yields the minimum
PTOT. The computer then positions the discs via their motors to
the optimum position.

The next chapter will discuss the theory involved with the

nulling phenomena caused by disc movement.
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P 1I. Theory

Phase uulljng Wj:zh Dig_gg
The tactical situation this system could be used in is this:

ENEMY TRANSMITTER

%)7[ N _

-~ FRIENDLY RECEIVER
ANTENNA SYSTEM
WITH DISCS

SRR AR o e o o TP TE
j
’
;

|
a3 L

l‘(’ L

O 20

FRIENDLY TRANSMITTER

S oh

NN A

SN Figure 7. Tactical Situation for System Use

The enemy transmitter is Jamming us through the receiver
antenna’s side lobes. The receiver antenna’s power pattern by
reciprocity is the same as its power pattern when it transmits.

If a null can be shifted in the receiver antenna power pattern,

in the Jammer transmitter direction, we can negate the jamming
7? interference. If the jamming interference can be split into two

‘fj electric field components of the same amplitude but with phases

180° opposite, they will cancel each other completely due to

the destructive interference of two coherent signals, equation

RS
(2-1), (two sinusoids at the same frequency) (Research,1985b). fﬁjL
. Y
Refer to equation (2-1) and Figure 8 on the next page. ﬁ%g-

10
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Ppor = Py + Py + 2/FPaCosé (2-1)
where: Py  =5/PryqQ = Amplitude of Prjq

PrjQ = Power received from jammer thru dish
Py  =/PRyp = Amplitude of Pryp

PrRJD
8

TSl

i

Power received from jammer thru discs

SOl S e

Phase difference angle between Prjq and Pryp

JAMMER JAMMER
SIGNAL SIGNAL

- P )
PHQ m RJD e

AR gAY

. Figure 8. Nulling With Discs

Therefore by choosing the correct size and disc location and

- adjusting t1 and t (see Figure 8) until

L mej¢l + J%e3¢2 = 0 (2-2)

then the antenna system will move a null in the side lobe region

of the power radiation pattern in the direction of the
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interfering source. The correct size and disc location has been
determined by Jacavanco (Jacavanco, 1984b:1,2). "If nulling is
desired in a uniformly illuminated reflector in the region of
the pattern where the response 1s down 30dB from the main beam
peak, then the total area of the reflector minus the total area
of the two discs should also be down by 30dB. In an antenna in
which the feed horn imposes a tapered illumination across the
dish for side lobe control, the size and position of the discs
should be further modified. For the same performance, a larger
disc is required if positioned in the region of lower intensity
than a disc positioned in a region of higher intensity (near the
center).” Another factor is that disc size and placement on the
reflector surface should not degrade the main beam. This has
been experimentally proven by Jacavanco (Jacavanco, 1984ab). A
simplified picture of the entire system is presented in Figure 9

(only one disc shown for clarity).

. o P ived JAMMER RECEIVED
where: RSQ = f:z;rsiggzlve SIGNAL SIGNAL
thru dish
Prsp = Power received P N
from signal RsQl
thru discs |
Prgq = Power received ¢
from jammer f/
thru dish /
I
PRgp = Power received I
from jammer
thru discs

Figure 9. Simplifled System
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So the Total Power received is

Pror = PrRsQ + Prsp + PryQ + FRJD (2-3)

Therefore the discs are moved to minimize Ppor by phase
cancellation between Pryq and Prgp. Since Prgq > PRrsp
the signal received will be PRrgq, the desired signal.

System Coordinate Reference

The reference system used with the isotropic radiators in
the aperture plane (xy plane at z = q) 1s shown on the next page
in Figure 10. The 2z = 0 phase reference is at the actual pivot
point for the antenna system mounted on the pedestal (see Figure
6). Where they are more convenlient, spherical coordinates are
used and coordinates that refer to the aperture plane (source)
will be primed any time there is any confusion. Far field
patterns are presented in rectangular coordinates. Complex
scalars are designated by underbars and complex vectors are
designated by both overbars and underbars. Unit vectors are
designated by "hats”, in other words, @ is the unit vector in
the x-direction.
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Array Theorv: E-field of the Reflector Only

To restate the problem: How does the phase of the electric
fields from the discs interact with the phase of the electric
fields in the side lobe region of the dish? This causes
cancellation, which ultimately perturbs the power radiation
pattern; shifting side lobe nulls to new angles. Reviewing the

approach from Eq (1-1)

|Eror(6,#=0)| 2 = |Ep(6,0=0)+Es12(6,6=0)-EFp(68,0=0)|2

The development of Eb(9.¢=0) follows. The aperture plane
currents of the dish alone will be sampled using linear array
theory starting from the complex vector potential. ED(0,¢=0)
will be derived from the complex vector potential. The complex

vector potential is given by (Stutzman and Thiele, 1962:455):

A= J eJBR g (2-4)
S/ Tgkn ae
Source

where: J

currents in aperture plane

o
"

distance between source points and
observation points

B=2m
1y

Assuming parallel rays, R for the phase is determined by

geometrical techniques. R in the denominator is approximated by

r, an average distance from the phase reference point (z

the observation point (Stutsman and Thiele, 1862:22-24).

0) to

RN
= ._l\ ._
'\\_’.:“-
aay
SR
e ey
Py
T
CaRr
L YOI




§§ Therefore the complex vector potential in the far field is

=7
Bes(¥’) = ¥ (r)ffZ(f’) 36T+ 2 (2-5)
7t

T, LT r s .
POONENE  AARNAS | RS
k

where: ¥ (r) = e JBr
4xr

vector from phase reference point
to source

AT
2l
-~
"

W
W
L

r = distance from phase reference point
to observation point
=7 , / /
T . D =x Bsinfcose + y 8singsine + 2 8 cosé
e ——— [« - )
'3x 'By ’Bz
/) = BIa(x")IB(y ) Ic(z")

3¢
o

-9 the transmitter polarization

\,
Putting this all together yields
Aee(F)) =
/ / /
Du(r) [1atx" 16 38% ax'f1p(v 1e738y¥ ay fIc (2" re 3822 4z’ (2-6)
————r L ——— T
Ea(Bx) FB(By) Fc(Bz)
where: Fa(Bx) = fourier transform of lA(x')
EB(By) = fourier transform of lB(yﬁ)
Fc(Bz) = fourier transform of Ic(z”/) {:'3
We can now further simplify Eq (2-6) for Bes(¥ ) 1;;§
Keg(F') = -9¥(r)En(Bx)EB(By)EC(82) (2-7) T
~7= "*-’
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,,,,,,,,,, A “ - I3 N &, v lﬂ-
N ~
h\!

:“_-'

- T
X R
{; t{ As an example, isolating Jjust row 0: m—> 14 to -14, n = O, ?ﬁﬁ

each isotropic source can be represented by a delta function

" (see Figure 10) LN
4 N
= -14 v
= FA(Bx) <-> T Iax) [s(x” + mD)] %
-~ row 0 m=14 ity
FB(y) <--D 18(y") [s(y” + n1)| Py

row 0 Tt
Fc(gz) <--b Ic(z") [8(z” + a)] R
row 0 SR
5 where: 1,q are defined on Figure 10 s
o
In = Ipnged(m®) b
- n RS
" LB = Imnqej (na) AR
:' lC = Imnqej (qa) ':::_::
- Imng = amplitude of each isotropic point source _13
according to the normalized aperture nj;-

- distribution ;*3
i \ - st
) a = interelement progressive phase difference (a= 0) 333
. Combining all terms for row O yields :iﬁ
- _ -14 i
" Rs(F) = -9U(r)Inng| T e~ 3Fx(m1)]| e-38v(n1)] | e-382(a)] (2-8) Fe
2! m=14 o
- Finally, for row O, dropping the subscript q on Ipnq since it

- is constant and n = 0 =
-, -14_ 5 L

Brs(F') = De(r)Inn| T e~ 38x(mD)] [ e-362(a)] (2-9) el

m=14 a

}f But since there are 29 rows, n —> 14 to -14 "EL
. Are (') = . L
* . -14 8 -14 .
oo D) an| T e x| 3 ey (D] e=382a)  (2-10) e
‘ m=14 =14 el
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To get Ep(6,¢=0) from E}f(?') for an H-plane cut (¢ = 0) use

Ep6,6=0) = —Jw[Eff(?’) - éaff('r")] (2-11)

The radial component of Ase(¥’) is disregarded

- -14 -14
Ep(0,020) = PiEqpe 38T fe-db2a| ¥ ¥ xme—aﬁxtmn] (2-12)
27 m=14 n=14

where: E, is the initial E-field amplitude
received by the dish.

see Appendix A for actual values for E,, q, 1, X.

The next step is to derive a normalized aperture distribution

from which Iy, can be assigned.

Normalized Aperture Distribution
The feed antenna is not isotropic. The effect of the

normalized feed radiation pattern, Ff(r’), is related to the
normalized aperture distribution by this egquation (Stutzman and
Thiele, 1981:428):

Ea(r’) = Ff(r’ = 2f tang/)[l + <§%)2]‘1 (2-13)

/
where: r ,0/ are spherical coordinates of
the aperture plane (see Figure 10).

f is the focal distance of the
reflector (see Appendix A).




R The rear fed half-wave dipole using a parasitic circular
reflector disc does not produce a circularly symmetric pattern.
But the average of the E- and H-plane pattern values can be used
in Eq (2-13) according to (Stutzman and Thiele, 1981:428). This
is shown by the dotted line in Figure 11, the normalized feed
radiation pattern at 3.12 Ghz for the rear fed half-wave dipole

using a parasitic circular reflector.

relative
power (dB)

E—plane pattern value

H—plane pattern value

ave patternvalue

Figure 11. Normalized Feed Radiation Pattern
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- Lo
SO ‘ _ '~ o
S To obtain Ea(r'), the normalized aperture distribution, r’ was o

E,’.

o calculated in increments of ¢’ = 1° using Eq (2-13). Fe(r’) Eﬁg
- e
- was read off Figure 11, then Eq (2-13) used again to produce a Jarn
y [
T o, o

/,
%

N plot of Ea(r’) (see Figure 12 next page). Finally Figure 12

A

. t td
LS

y—

- was used in conjunction with a scale drawing of the isotropic

g

v

o radiators in the aperture plane to assign Ip, as a function of

» e

r’. The next step is to derive Egy2(6,6=0).
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Physical Optics: Discs Only

The scattering by a metal disc will be derived first.

For a perfectly conducting body the physical optics approximate

surface currents are (Stutzman and Thiele, 1981:455):

2(f X Hy) in illuminated region

0 in shadow region

Figure 13 will be used as the coordinate system in the

development of E512(0,¢=0) and Ef3(0,¢=0).

(2-14)

-Y

/}/\, Phase Reference Plane
+x

E,
:E:i Shadow
1€ Region
A = unit normal vector \
i -X
Vi
+Y

Figure 13. Coordinate System For Discs and
and Feed Blockage Terms
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Once Es1z(a,¢=0) and Ef3(0,¢=0) are developed, these terms

will then be phase referenced back to the system coordinate
reference, z=0 on Figure 10. Assume for now the flat metal disc
lies in the xy plane, having dimensions

disc radius

0° to 360°
90° to -90°©

29
o

The disc is illuminated by a plane wave from the transmitter
having fields

Ey (P = -QEose'JB(XS1nOi - zcosfbi) (2-15)

angle of incidence wrt z axis and H

where: 44

T vector from origin to observation point

Eos = initial E-field amplitude received by disc

Assuming free space

B = SXEG (2-16)
-Jwﬂo

Then
Bi(F) = Egg [Rcosey - 2singj)e~IPF(xsinbi - zcosed) (2-17)
Mo
where: Mo = whty
8
Thus the surface currents on the disc are given by the physical
optics approximation

IEH) = B XD
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»Ek since # =2 and £ = 0 at the surface '.';‘v‘r.r

N RN I

E(‘f,) = -y ZEgacosoie'JB"Sinoi (2-18) :3"5

o G
Note: The physical optics approximation is not exact and is Y
useful when *

. ee v v
LS AR

a2
2

p

v

A et

5 inches e
3.79 inches

actual p
actual

oy, PN R
, (3 S '
r;

Neglecting effects of the edges on the surface currents, the
magnetic vector potential for the scattered field can then be bee
calculated by (Johnson, 1984) ‘;:j:.::-.:
- -'Q
, f - v / ;i:".\.
Eee(F) = pod(T )e~JBR 4a (2-19) ‘
S urce‘gl_T"R———,r ]
where: R=IF-F]=r-2.7’ f:"
r = |¥| = distance from origin to observation point R
/ 1y /
da = P dp de :":'.\}\'C}-
N -\.._
l‘:‘\-:‘
Collecting all terms together Sﬂxg
\“,
_ 7 vt
Age(r ) = (2-20) S
r / ", BSASX
-_szoggse'dﬁr jcosoie‘iﬂx 5infig-J8F « ® plap’ ae’ Rl
Nofrr 00 '_::::::;
where: x’ = p’cose’ ' ‘o
. 9= p’ sing [cos¢cos¢’ + sind:’sino]
Therefore
Bes(F)) = H2ugEozcoseyeIfT (2-21)

Nodrr

P 2%
ffe-JBP,sinOicOSct' e8P’ sinbcos( o -0’) p’dp’ do’
00




\Z:.‘:f Because of the symmetry of the disc, the scattered fields will
: have no ¢ dependence, set ¢ = 0. Therefore, the two exponential
exponents in Eq (2-21) can be combined and simplified to

:.wf"t :

’ 3 ' ¥

389 [cos ¢’ (sing - sino1) RS

DGR

Thus rewritting Eq (2-21) and regrouping it more conviently —

" -‘,‘V:

BEes(F ) = -PuoEoscoseye”I6r (2-22) pen

Mot A

2r - _

/2_1 e38p cose’(sine - s1n61) 4471,/ ap’ A

2m f N

0 0 QR

O

N From (Stutzman and Thiele, 1981:566) Ao

L

- F‘

2x
Jolx) = _1fe3x00=a da
2r
! o
i‘ ") where: Jg(x) is the bessel function of the zero order

Letting x = Bp/(sing - 04) and a=z=o¢’

A _ P -..'.'
i Aff('f/) = —Q“OEo_scosoie‘Jﬁr/‘p’Jo[pp'(sino - sinai)] dp’ (2-23) R,
NoX J
(0]

From (Stutzman and Thiele, 1981:566)

2 xJy(x) = foo(x)dx

where: Jj(x) 1s the bessel function of the first order. \*\\
AL W\
‘ Letting x = Bp’(sina - sinéy) then dx = B{(siné - sinéy)dp’ S
: therefore e
= =1 RSN
Er£(T) = DugEogcossje IBr P S
Tothlsin 0 - s1n81)2 [ %31 (x)ox (2-24) POt
0 viniaT

’ .
r :

"'-'J""'"". ettt
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. ) .'_Ai’JL:t.Q.. ratalta '_4\." !4\_.1':




S SO MO 'R ALY A Q) (harth AN N N (R g N /O Rl A S g /e i~ SR

bf; Finally

Bee(F) = 42AucE scossye I6r Jllggisin 8 - sindy gl (2-25) R
NolxY [Bp sing - s n91] s

where: A = area of disc

r

h 2B I 'S
W
N:‘i' "," Yy

Again :;“*;

-
Es1(0,6=0) = -JwAse(T ) disregarding the
radial component

where: 331(0,¢=0) is the complex E—field
scattering off one disc.

Simplifying and combining all terms ylelds

{

_ 2
Es1(0,620) = PJE Be'JBrcosOi<2A J,(x)) (2-26) i;
2xr X -

s where: x = 8p(siné - sinéy) 1:¥h~
P \-

- How is this modified for two movable discs on the reflector

for ¢ =0 i.e. (the H-plane cut), see Figure 14 next page?
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Figure 14. H-plane Ccut of Antenna System

Since the discs are movable, the phase or path length difference

between Ej(disc1) Will be different from Ej(disc2) when
t1 X t2. Expanding the picture on disc 1 to develop the
E path length difference (phase) associated with changing ti,

will lead to the phase term to add onto Eq (2-26) to account

27
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N for changing phase due to changes in both tj and tj. ﬁb;$'
From Figure 15 (neglecting double diffractions, moding, and edge
effects), Ejp travels approximately tjcosdij + ticos(dgq + 6 )
- farther than Ej,.
< .
Ep =]
e
bt
=ja :: AN .
N
Figure 15. Phase Difference Due to Movable Disc NG
N
S
NN
Using array theory to look at the phase differences between IO
= Eia and Ejp and after a multitude of algebra steps, the

28
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e phase difference can be expressed as (Rudduck, 1985a)

eJBtll(qosoil + cos(o;l + 9 »] ) ll

But since there are two discs the phase term must reflect this

eJBt%K(cosoi% + cos(oi% + o)” ) ll

where: subscript 1 represents disc 1 and
subscript 2 represents disc 2

: After further algebraic manipulation the phase term associated
. with Eq (2-26) for both discs in the H-plane becomes

2) sin[ﬁl(cosoi1 + cos(631 + 6 ))} Jg_tllcosoi1 + cos(631 *+ 0 )]
. 2 e
-i \' + sin[%g <°°5012 + cos(6g4o - 6 ))] ejggz [cosoiz + cos(bip -8 )]‘
eJBwcosg

. where: eJfWCOS6 is added to reference the phase term back
i to the system coordinate phase reference (see Figure 10)

29




ﬁ qﬁ, Finally since the area of disc 1 equals the area of disc 2
i and | @41 = |6i2] so that 6§ is considered always (+),

the final expression for scattering off the discs is:

Es12(0,6=0) = §Eqzge-IBresBucosgcoss A (2-27)
xr

2J1 bﬂo(sino + sinoi)l
BPo(sIne + singy)

(%in[ggl(cosoi + cos(6y t+ 90 »J ejgillcosoi + cos(81 + 6)]>

+ 2Jllppo(sin,0- sinqu
8Po(81in ¢ - singy)

(Qin[ﬁ%z(cosoi + cos(6y -6 )Xlejgzglcosoi + cos(f1 - 0)])

see Appendix A for actual values for

031, 612, W, A, Egg, T, A, Ppo
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ra Physical Optics: Feed Blockase Only ST
A good approximation to feed blockage effects is to subtract —
A
DR -q'.‘.s
the radiation pattern of the parasitic reflector from the }ﬁg}
N
) .

radiation pattern of the parabolic reflector. Depending on the

¥

ol W
A

angle, the feed will block a portion of the radiation causing a

G
"shadow” on the reflector surface. The feed can be modeled as a ~§&5
disc with an area equal to that of the circular parasitic -?;
reflector (see Figure 3). Then for the E-field scattered off ;j;j
one disc, Eq (2-26) can be used with 63 equal to 0. ZF.E

EFp(6.0=0) = $JE snBe-jprejfacose()(2Jq (8rosing) (2-28) S
Zrr Brosiné O

where: rq radius of parasitic reflector

\-'l B

area of parasitic reflector

the initial E-field amplitude
received by parasitic reflector

Eofb

eJBacosé= js added to reference the phase back to

the system coordinate phase reference

(see Figure 10) O

see Appendix A for actual values for

Eofb, fo» B, r
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JI1. Analysis and Results

Computer Programs

Three Fortran-77 programs (see Appendix C) are used to

produce relative power patterns (Program PHASENUL), and field

intensity amplitudes and phase plots for the discs alone ffﬁﬁ
(Program PHASCANL), and the dish alone (Program PHASEQ).

Program PHASENUL calculates IETOT(0»¢=0)|2 which is

proportional to the relative power pattern of the antenna system E_\;k-.

(see Figures 16-27). t\{
|ETor(6,¢=0)|2 = |Ep(6,6=0) + Es12(6,6=0) - Erp(6,6=0)]2 ""‘{“'

.. Es12(6,6=0) = Eq (2-27) 3:\\;'{
\- EFp(6.9=0) = Eq (2-28) ;J

Program PHASCANL calculates the amplitude and phase of the

field intensity of the discs alone which is proportional to

|B) cal®e2ilop (see Figures 30,31).

|Ec(6,2=0)] = |Es12(6,4=0)] (3-1)

Program PHASEQ calculates the amplitude and phase of the

E: field intensity of the dish alone which is proportional to

E 0,6=0 28,29).
lg)qu{esgenz' (see Figures )

|Eq(e,06=0)] = |Ep(6,6=0) - Erp(s,#=0)]

...........................
..........................................................
...............................................

.............................



SAY Results
When |Ec(6,6=0)] is multiplied by its phase and

N |Eq(6.4=0)| is multiplied by its phase, and the two terms

E added together, |Epor(6,6=0)| results. 1Erpor(e.6=0)]2 is

- obtained by squaring the real part, adding the square of the

‘5 imaginary part, normalizing, and plotting in dB. By breaking Fiﬁij

3 |ETor(6.4=0)] 2 into |Ec(6,0=0)| and |EqQ(s,e=0)| the ::;_i
phase cancelling in the side lobes of the quiescent H-plane ?3?73

5 pattern of the dish by the discs is more apparent. This will be g

a discussed in the conclusion section.

; The results of the computer programs and actual measured

i power patterns follow. For comparison purposes, the measured

: - power pattern is shown first followed by the theoretical pattern

‘IAE for the same disc positions. The system gquiescent power pattern f"~4
is generated with the two discs flush on the reflector surface. ;
Appendix D shows the actual disc positions that were used to ?‘_w

, produce a measured pattern at a specific null angle (9). Q;?ﬁ

: The PHASENUL program uses the actual disc positions to produce éﬁ;ﬁ
the theoretical patterns. Following the power patterns are the %ﬁgi
theoretical field intensity plots. There are no actual measured é77%
plots for comparison. The amplitudes of the field intensity ;-.
Plots are not normalized, to show that the cancellation effects EE -

: of the discs occur at the sidelobe level of the reflector. ;T?F

‘ SE

: 55

33




—

e e R 8

:

-

ka4

17T

19891

ies Mt A5 00000 MTad b1

71

SCIENTIFIC=ATL ANTA INC_ AT{4NT

00 Spe4 1 Libee o Te
iRl HHHE
H 8
T :M a ,WA i
i iR 1 " |F538
AL il (H
! i u + - b +
Tt "
RN _ i i
t T Y i
I 181 +t H
t T+ +
i 13 N
1
} L
i HHHH
¥
¥
H
"y
WHI
+ N
1
.
reetrpaddig.
s
1 H g
il
;
L
HE
H 3
1y
rH Hr
e
RnEeN
- ety
R arta e p
L
thebr (HAHIH
TR
SR
b
1
T
Wi
37 :..a ;
THi !
HHH A

plane Power Pattern

34

Measured Unmodified H

Figure 16.




a2
4
v
[ d l“’ .
> Yo
o SRV

A

“w s
b
EELE
A
NS

7
e,
>

*

A | SYSTEM

'S4

ALY .

PR IE(

,1 J -'5.' » .:-"."
] Ay

oy
¢

v Ay
A,

2

QUIESCENT POWER PATTERN R
-__: TWO FOOT PARABOLIC REFLECTOR e

4

e e N “amaTel
"- ) '.3.‘. ', l"."v ’
* .'I: -: .j . ’/.." l'. i‘

..-
N
l'l
'.‘ ..
A
LN LS

-10 ~

=20 -~

A
LR

-30 N

]

LRSI A R

o0 AP A AN
L BRI
. AN
-.-'.l" "'4'.' ‘-'l'l.

-40

RELATIVE POWER (4B)

s
N
T
[ 4

-50 -

l"lr' ey
»
-

P4 %
r'_t‘._l"_. v

Py

Y
.‘:"

= -80 ¥ L L ] L L L B L L " L L T

T
-90 ~70 -850 -30 -10 10 30 50 70 90
FAR FIELD ANGLE (THETA) (Dgg)

- s ®-
-'.' A
e
.
v %
Ty
[

U
LN A}

SRR
A A

Figure 17. Theoretical Unmodified H-plane Power Pattern

-~ gy
S

35

AR
welalel )y

e




PNt

z
2
o
«
v
1k
-
~
z
-1
[
<
)
c.
&
-
zh
<
[¥)
@

4

FUREST

3 s

XE T

5

Tt
-re w

-plane Power Pattern, System Null

+350

Measured H
]

Figure 18

36




N Gl .
LR AN ¥ . . - - T e N el > e tal 4 v o Dl -4 1) -

| AR e o o -
.

«C

o

-

8

s

NN

Pl Rl Rl ol e

i *
LS

-10

-20 -~

~-30

RELATIVE POWER (dB)

N -50

L -80 T T T T 7 T T T T T T T T T T

1
-0 -70 -50 -30 ~10 10 30 50 70
- FAR FIELD ANGLE (THETA) (Deg) |

- Figure 19. Theoretical H-plane Power Pattern, System Null
-~ # = +350

A R

37

-

‘»;'-' ‘--’ﬂ' "h.'..-;.":.\;..";.’“ AN :..':-.'

”
s
’
"l
vy

. {43‘&"
LW < .

O

LRt
NI I
’
P
PRl G

it

| N
- ‘ ..a

™

]
’
2

I

. e

()

- v
* l" L
k
A
A A NN

1

_'
‘..")l
e
Yy ty

4
4 %
PR I XN

A
NYNS
y

'~
<

,
B

'
]




- W e

e

e e

svTrlvee.

|

Al

it

L2 goe g e 4

LIMNT O ATLANY

SC ENTIFIC=ATI ANTA

S SR

-
s

g 8

b

T3t 1t
3T

1172

')

o .
@) NTBO,. 4>:§

mm

System Nulls

plane Power Pattern,

+200°

-200

Measured H
0

Figure 20

38




e W LWL R T R Ta e e,

.

‘s T NN 8 3 F 4 o= = —we

T SR e e .

¢

-10 -

-15 n

-~20 ~

-25

-30

RELATIVE POWER (dB)

§ - —40 -

-48 -

~-50 T T T T T T LR

¥ ¥ 1 1)
~80 -70 -50 -30 -10 10 30 .50 70 90
FAR FIELD ANGLE (THETA) (Deg);

1

ﬁ
1

A P ML T T T 4 e 4 4 v
- Jefela el e R

Figure 21. Theoretical H-plane Power Pattern, System Nulls
0 = -200, =20°

N MY

.

AR R
. .

LU A R P

Vo




SENTIFIC=ATLANTA, 12C. ATLA

[

System Null

3

40

prlane Power Pattern,

-350

6

Measured H

Figure 22

R

'

....

4

. L

R ) ’ g
o . . ]
. v 4 iy
‘e

- e il 0 [ > ) e 4 v ¢+ eems. . ( . P SR P R |



’ . N Vi g . . 5 . Yy WR
- - d [Sn ARt Salh Sp G AR AN Sin N B oA DI Sl ot pp 5 -39 L\ TRLYS 4 Y 9 r .“’

0
-8 -
-10 -
’5 -15 -
€ 20 -
g :
: a, -25 -
f‘_ E -S0 -
=
. 3
B -as
i \, —e0
~45 -
i =50 L L T L] T T T T T T T T 1 L] T T
g -90 -70 -850 -30 -10 10 30 50 70 90
5 FAR FIELD ANGLE (THETA) (Deg)
Figure 23. Theoretical H-plane Power Pattern, System Null
6 = -35°
-~ =%

Y 41




1;.._1‘_":1;'151,‘.’2'

“*t:—

1=

i

T

SCENTIFICRATLA14 %4 It ATLA"

3
2

3.

GECRS
1. 73

S5

2.

3

PR

>y

gy

System Null

o el T

I

T13

RT3 B

23

o o o
p st

Sl

-

i

t Li-}::—q

=1 4-y

[ 51

i
e RAET

plane Power Pattern,
42

-450

Measured H
]

Figure 24




=

©

[V
|

-30 A

1
o
-

|

-50 -

-60

-70 -5 -30 -10 10 30 50
FAR FIELD ANGLE (THETA) (Deg)

-80

¢

-450

Theoretical H-plane Power Pattern, System Null
9 !

Figure 25.

.
B
PR RS SUNE PL)

(5]
<¢

(dP) ¥INOd FALLVIIN

-

"
(4
.

. o
e
L
-




System Null

R e NTIPC AV ANTY I ATL AN

3

ST TisT
Attt
ey
Pt

plane Power Pattern,

Fi

P

Measured H-

.

Figure 26

IR
,gezi

- o7 te & - DR A (] ¢ oA
ol ERlalals ] .....-i S

« s a'aa &




[0 ."- O |

P

5’1" " '. "

.
L

RELATIVE POWER (dB)

LRI
''''''''''''

W e ML

i S i Y4 =YL TL S

0
-2 -
-4
-8 -
-8 -

-10 -
-12
-14 -
-16 -
-18 -
-20 -
-22
—24 -
-26 -
—28
-30

"'32 T
-90

Figure 27.

T ! l ¥ I 1 1 1 L L L L

!
-70 -50 -30 -10 10 30 50 70
FAR FIELD ANGLE (THETA) (Deg)‘

Theoretéeal H-plane Power Pattern, System Null
g = -60

45

Caiad
RS
<
L4

i
PR

-.‘_‘.
LA P

b
&
'» A

YN
LT
{ L3

ot
PN A7

[
27

1]

i E

i

L]

A
)
ok
!

Ayhy ! o

o
r 1
[l AL A
L 2 2 20 DL I

IF SR A
6



LML

& e o e

v b R T T e,
y HER.
ﬁ. MENN,
.E ]
) D
Ay
f{:: :,:.‘;\’;
i;. - A
g m
R t".::'\
. b A
. Pr::'h::’) X
., ‘r-.k::%(
o
Bt fyd A
o -:‘:’:f;::-.'
; atng
. FOR SYSTEM NULLS AT: -20 +20
0.0024
- . 0.0022
-
s 0.002 -
g 7
. o 0.0018
2 0.0016
A E
h > 0.0014 -
- S 0.0012 DS
E .
&  0.001 O
e e
© 0.0008 A
2.t Ig e,
3 \- S 0.0006 - -
N E 0.0004 S
:' 5 -::.}:.'-:C Y
= 0.0002 ol
- J .‘\""*."
o T e — AEAES
= 0 1T T T T T T T T T T T T T A
-90 ~ -70 -50 -30 -10 10 30 50 70 80
- FAR FIELD ANGLE (THETA) (Deg)
».3 Figure 28. Theoretical Amplitude of H-plane (Dish and Feed
o Blockage Only): Quiescent Pattern )
R




FOR SYSTEM NULLS AT: -20 +20

60 -

FIELD INTENSITY PHASE ANGLE (Deg)
|
3
[~
L

|
[+-]
(=]
-

|
[
o

T

L LA | 1 r— 71 T T T i i T ¥ T

1
-70 -50 -30 -10 10 30 50 70 90
FAR FIELD ANGLE (THETA) (Deg)

Figure 28. Theoretical Phase of H-plane (Dish and Feed

Note:

Blockage Only): Quiescent Pattern

When real part of field intensity negative or when
real and imaginary part of field intensity negative
add 180° to phase angle due to properties of

arctan function used in graph above.
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IV. Conclusions

Comparisons of Theoretical to Actual Patterns

The system quiescent power pattern Figure 17 compares
favorably with the actual pattern Figure 16. The theoretical
power pattern side lobe levels are down considerably from the
actual ones. This is a result of an idealistic model, i.e. no
interference sources such as edge illumination or diffraction
are included. For all theoretical power patterns, the 3dB beam
widths, null placements, average far-out side lobes, and
spillover radiation regions agree quite well with actual.
However, the first side lobes are smeared into the main beam.
This occurs because the phase distribution across the aperture
is not constant and the model is not detailed enough for
diffraction and double reflection effects (Skolnik, 1962:261).
The goal of the model is successful; it duplicates system nulls
(within + 5° of actual), when the actual measured disc
position at a specific system null angle is used in the computer
program PHASENUL. Cancellation up to 25dB, along with minimum
main beam degradation and minumum distortion of the overall far
field pattern, is evident in the theoretical patterns matching
the actual patterns. Especially successful is Figure 21. This
theoretical pattern shows the symmetric nulling effects of the
actual pattern Figure 20 and predicts the system nulls exactly!
Acccording to Jacavanco, this was the first time he had seen
symmetric nulls for a movable disc system (Jacavanco, 1985¢c).

For all theoretical patterns the intensity or relative depth of
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< a null in dB (unmodified minus modified), cannot readily be
| compared to actual. Again this is a result of an idealistic
" side lobe level in the theoretical patterns.
A requirement of any nulling technique is that no main beam
corruption occur such as in Figure 26. From actual
. measurements, main beam degradation does not occur for this
- system until the system null angle exceeds approximately 50°.
Looking at Figure 26 this is evident. The system is set up to
produce a system null at -60° but disc placement is such that
;2 they overshadow the feed arm significantly and edge illumination
effects completely destroy the integrity of the pattern. The
matching theoretical pattern Figure 27, while not showing
pattern distortion, produces no nulls and a very unreasonable
. overall pattern for a parabolic dish. In larger movable disc
systems that use a larger ratio of focal length to diameter
(aspect ratio) and a horn feed, main beam distortion effects are
less prevalent for system null angles beyond 50°.

Zi As mentioned before, cancellation effects are more apparent

by using the field intensity graphs. From Eq (2-2), the example

on the next page shows how to compute a power point from the
field intensity graphs, for a system null angle of (8) = -20°

from Figure 21.
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J
(1) Eq (2-2): /Pryge

®1 jo2

+ JyPRJpe =

From side [ (2) \/PRJQ *’IEQ(0,¢:0” -->
lobe level
of dish VPRI = 9 x 1076
(3) VPrgp ~ |Ec(8,4=0)] -->
From discs
RJD = 2 x 1075
(4) ¢3 = phase of PRgq --> see Figure
¢1 = 218°
(5) ®2 = phase of PRgp --> see Figure
¢o = 920
(6) Substituting into Eq (2-2):

(7

(8)

......

{9 x t0-

Converting this to dB yields:

is 180° ocut of phase with ¢g.

...........

(-]
6)e218° 4+ (2 x 1075)e~392° = 7

-

.9 x 1076 - j1.6 x 1075

0

see Figure 28
at 6= -20°

see Figure 30
at 6 = -20°

a2 + b2 ~ power, then normalizing using the maximum

value at = 0 yields:
5.6 x 10-5 watts

Looking at Figure 20 for the actual system null at 6 = -200°,

-42.5dB compares very well with a measur=d value of -40dB.

-42.

Q b

5dB

Ideally the discs can be positioned so /Prjyq =/Prgp and ¢4

would represent “"perfect” cancellation which is impossible due
to secondary effects, In addition, null depths beyond 40dB

descended into the noise level of our pattern recorder.
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Polarization apnd Feed Problems

Problems caused by a dipole feed are well known and are
solved by using a horn feed. For this system the parasitic
reflector helps to phase the rearward energy from the dipole and
direct it onto the reflector. The resulting aperture
distribution was not uniform without the movable discs on the
reflector inner surface. The degree to which the non-uniform
aperture distribution affected the phase-nulling of the discs
was not investigated. The focal distance was varied, but had
negligible effects on cancellation. Only the relative disc
positions changed for a relative system null angle, for varied
focal lengths.

A second shortcoming of the dipole feed is that some of the
reflected energy is perpendicular to that of the primary
radiation. The cross-polarized radiation causes the antenna
gain to be reduced and side lobes with polarization orthogonal
to the primary polarizapion are generated. This energy is
wasted because the antenna might not be designed to respond to a
different polarization.

Both effects can be minimized by a shallow reflector, one
with a large ratio of focal length to diameter. The maximum
theoretical aperture efficiency obtainable from a

dipole-parasitic reflector feed is 69% (Skolnik, 1970:10-6).

P.
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-

S
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3

Theoretical aperture efficiencies obtainable for horn fed

-
-
o
-
»
-
-

paraboloids are approximately 80% (Skolnik, 1962:273).
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Effects Not Modeled

The repeatability of the measured patterns for the same disc

positions proved to be a problem. It is not uncommon to produce

P Wy P )
*:
M e

Wy Wy ]
alls
T

x
Foim.

a pattern at a specific null angle, then find the final disc
' positions to be off by as much as 0.5 cm from one pattern to the

next. As another way to look at this, if one took the disc

o
N

positions recorded in appendix D, set the discs according to the

l data, ran the patterns, the system nulls would come out slightly P
different each time (approximately + 2¢). This is due to a

multitude of effects, the predominate one being the "quiet-zone"

5 around the pedestal is not constant. Since the antenna system ;17

is mounted on top of the EM Technology Division’'s building at
Banscom AFB, the diffraction and reflection effects of the
nearby equipment are constantly changing, as new and different

equipment is set up. To get accurate patterns this system would

have to be set up on a calibrated antenna range.
I The thrust of this study was to investigate in a more P

simplified manner the phase nulling caused by the dizcs in the

side lobes of the power pattern of the reflector. To more

P S
»

accurately model this phenomenom the diffraction pattern of the
discs should be included in a geometrical theory of diffraction
approach to overcome the simplified ray tracing approach used

' here. Other factors that should be more accurately modeled
are: aperture blockage, errors in the paraboloid surface, and

'; finally a horn fed antenna for uniform aperture illumination.

o
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Summary and Recommendations R
One of the basic problems with a movable disc system is the St

’ "-s'f:\__\

amount of time the computer takes to move the discs to their ;ﬁxﬁ
ALd

final position to minimize the total power of the received Q&ﬁf

signal. Once the discs reach this final position a system null
has been placed in the direction of the interferring source. It

was not uncommon in the first systems to see 15 to 20 minutes go

by, before disc optimum positons were established. Since then o
times of 5 minutes have been established by efficient computer iﬁﬁé
programming techniques. It was hoped at the outset of the
research that the physical optics approach might help alleviate
this problem. It became apparent that the "speed"” problem is
beyﬁnd the scope of the thesis presented here. What the
research does is provide a solid foundation upon which to build
a geometrical theory of diffraction approach. With an accurate
model in hand optimum disc position could be predicted rapidly.
The research here did not address disc position or numbers of
discs (more than two) on the reflector surface. This problem
has already received a large amount of research time at the EM
Technology Division at Hanscom AFB. Actual disc placement,
size, and numbers of discs are more system specific. Developing
unified guldelines for a generalized paraboloid would be
difficult.

This study accomplished what it set out to do, investigating

the phase nulling effects of the discs on the side lobe region

of the far field radiation pattern. The next step would be to

55 A




i O

generate field intensity amplitude and phase plots for a
multitude of disc positions at one system null angle. The plots
could be analyzed to find the optimum disc positions for equal
amplitudes and opposite phases, then the power pattern
generated, and compared to a measured power pattern using that
optimum disc position. If the comparison was successful, then
all optimum disc positions with their respective system null
angles could be cataloged using this analysis. This would
require quite a bit of time but would be valuable in addressing
the “"speed” problem of positioning the discs.

One might wonder how this system would be used ouside of the
laboratory. An urban communication system which relies on
reflectors exclusively would profit by using single fixed nulls
to reduce specular reflections from large buildings. NASA which
has plans for direct broadcast satellites could use this
technique for receiving antennas on user’s roofs to null out
interference (Jacavanco, 1984a:2). In actual field tests at the
EM Technology Division, Jacavanco has suppressed a high power
mobile S-band source while maintaining a continuous link with a
desired low power signal, fixed in position. Actually, the
ultimate application will hopefully come in space to overcome
the problems of the Electrostatic Membrane Reflector (page 1).

While this model is only a first order approximation it
appears to accurately represent the two disc system. The linear
array approach to model the reflector was used by Jacavanco

(Jacavanco, 1984a), but the physical optics scattering off the
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'§§ discs is unique. The model breaks down the nulling effect into

' two parts. The power contribution from the reflector and feed

verses the power contribution from the discs. It is shown by

. proper disc placement that the amplitude of scattering off the

. discs can be made approximately equal to the amplitude in the

: side lobe region of the reflector and their phases close to
180° out of phase. A null in the far field power radiation

l pattern at a specific system null angle results. The

mathematical model is implemented in Fortran 77-code. The

theoretical patterns are compared to experimental patterns with

!‘ a high degree of success.

.‘,n‘
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V. Appendix

Appendix A. VYariable Definitions and Values

F = 3.12 Ghz: antenna system frequency
A = 8.62 cm: free space wavelength

1 = A/4

8 = 2m/)

r = 5334 cm: 175 £t -> distance to transmitter from
system phase reference.
(the observation point)

qQ = 49.4 cm: see Appendix B

w = 36.9 cm: see Appendix B

63 = 26°9: see Appendix B

ro = 2.54 cm: radius of parasitic reflector

B = 20.3 cm?: area of parasitic reflector

Po = 6.35 cm: radius of movable disc

A = 126.7 cm2: area of movable disc

f =17.3 cm: antenna focal length (measured from dish
vertex to parasitic reflector)

t1 = distance of disc 1 from reflector face
(flush = .3175 cm)

t2 = distance of disc 2 from reflector face
(flush = .3175 cm)

Radius of Dish = 32 cm
Aperture Plane Area = 3217 cm?
Eo: normalized to 1.0

Eos: normalized to 0.0394 (figured as the ratio of the
area of a disc to the area of dish aperture)

Eofp: normalized to 0.0063 (figured as the ratio of the
area of parasitic reflector to dish aperture area)

58




- QX TR BV
o e ) : OO M RN
IR I AT B A

Tos1p Z1g
Yo =T =1 |

Jonjdy woz = ug’ : /:\
EILEE _

| 10§33} 0y

: u_._auhom_

Scale Drawing for 84, w, Q

32.
o
Scale Drawing for 63, W, q

Figur

: \4
\ 1oald

Figure 32,

.
: m |1PMdY
Al
s b
. kel

- =

t-. e

<

s
1

-

3 -
" .
: \%

. -
o Y o

9 ...‘.- o o
-]

. . - e oy e e e Coe e o T - [EAENEA PP AT AN [T PEPEIRIE P St
ﬂ.ﬁ~0nb (AR on.-. * W FOAENTANS AN 4...‘........... ..( ®. . e .ﬁfz..ﬁ..........._\ ..\u.. .....ﬁ...ﬂ...... ol e T et Dt ﬂ............. K ....-....\.... f.. .,




» BWIT e -

i The

WA ARR AN LAEN

<‘- .

O M LR AT R e YA Ty L0 SR CA IR LR IR - X SRy e WL AN

Appendix C, Computer Program Fortran-77 Source Code

Program PHASENUL (page 62) calculates in one degree increments

|EroT(6,9=0)|2 for -90° < 6 < +90°, All programs were

compiled and executed using IBM PC-DOS 2.1 on a Corona Home
Computer. PHASENUL will execute upon typing the file name
PHASENUL at the system prompt. The data file CURRDIST.DAT must
reside on the same floppy disc as PHASENUL.EXE. CURRDIST.DAT
contains the array of normalized amplitudes of the isotropic
radiators which sample the aperture plane at quarter
wavelengths. The program asks for E,, Egpg, Eofp, t1,
t2, (see Appendix A) on screen as input from the keyboard in
single precision accurracy. PHASENUL outputs a power point per
degree 6 in a file called EPWRPT.DAT. The system quiescent
power pattern is generated by assigning:
Eo = 1.0, Egg = 0.0394, Eyep = 0.0063, t3 = 0.3175,
to = 0.3175. All other power patterns are generated by

leaving Eg, Egg, Eqofp fixed at 1.0, 0.0394, 0.0063

respectively and assigning t1 and tg from Appendix D. The
bessel function in all programs is approximated by its series
expansion to the third term.

Program PHASCANL (page 68) calculates in one degree increments
|Ec(6,96=0)] for -90° < 6 < +80°.

PHASCANL will execute upon typing the filename PHASCANL at the

system prompt. The program asks for Egg, t1, t2 (see
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Appendix A) on screen as input from the keyboard in single

precision accurracy. PHASCANL outputs a phase point and
amplitude point per degree 6 in files called PHASEC.DAT and
AMPL.DAT respectively. The plots were generated by leaving
Egs = 0.0394 and assigning t1 and tp from Appendix D.
Program PHASEQ (page 71) calculates in one degree
increments |Eq(6,6=0)] for -90° < 6 < +90°. PHASEQ will
execute upon typing the filename PHASEQ at the system prompt.
The program asks for E,, Egg, Egfp, t1, to (see
Appendix A) on screen as input from the keyboard in single
precision accuracy. PHASEQ outputs a phase point and amplitude
point per degree ¢ in files called PHASEQ.DAT and AMPL.DAT
respectively. The plots were generated by leaving E, = 1.0,
Eos = 0, Egfp =0.0063, t1 = 0.3175, and tz = 0.3175.
This generates the quiescent plots without discs.
All graphs were generated by using Lotus 123 (Lotus

Development Corporation, Cambridge, Massachusetts)
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PROGRAM PHASENUL

e

b «
.

.

B

Inpvt variables (real):

L]

Le

Ke
LAMEDA:
F:
BETRX:
PETAY:
BETAZ:
THETA:
Re

E@:
IXY:

D00

Output variables:
EXY:

* k k w k k ok kk ok k kW k& k¥ kRS

INTEGER R,P,C,D,E,F, DEG(181}, THETADER, M

¢
R

REAL O, L, K, LAMBDA, FREQ, EETAX, BETAZ, THETA, R, EQ, SINTH, COSFLTH]
REAL IXY(29,29),PI, BESSEL, X1, COSTH, COSMITHI, RESARG1, SINTHT
REAL BESARGZ, T1ARG, T2ARG, SINT1ARG, SINTZARG, ESCONST, COSTHI
REAL THETAI, AREA, RO, T1, T&, W, B1, R, U, ENORM, EFWRFT

PEAL RESFNT1, BESFNT2, BESFNCT, AMAG(181), AMAGATO

Gttt Ouie
v et
2"

k
*

L. COMPLEX EXY(29,29),COLTOTAL, ROWTOTAL,EFIELD(29),5, 51
. COMPLEX ENDTH(181),EBETRZ, JCMPLX, MICMPLX, EFBTH(181),ETOTAL
COMPLEX ES12TH(181),EJHKW, EJKR, EJKT1, EJKT2, EFBCONST, EXJKOCOS

. »
- - »
- \ ’ #+ Open input and output files
»*
e DFEN (2,F ILE="CURRDIST. DAT', STATUS=" UNKNOWN® )
OFEN (3,FILE=*END, DAT® , STATUS=" UNKNOWN"')
- . OPEN (9,FILE="ESI2TH. DAT’, STATUS=" UNKNDWN"* )
- OPEN (1@, FILE="EFBTH. DRT®, STATUS=® UNKNGWN® )
" OFEN (11,FILE='AMAG. DAT' , STATUS=' UNKNOWN"* )
" .
] *

. # Irnitialize arrays e are
. T
- DN S5 I=1,29 e
. DD 5@ J=1,29 e
- EXY(I,J)=(0. 0,0, @) G

IXY(I,J)=0, & N
S S0 CONTINUE i‘fﬁ
. S5 CONT INUE SR
= »
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DO &@ I=1,29
COLTOTAL=(@Q. @, . Q)

I ) ROWTDTRL= (0. 0, 0. @)

‘SN 60 CONTINUE

| \$5 -

’ -
# Read cwrent amplitude distribution factors
»

DO 100 I=1, 29
READ (&, +,END=10@@) (IXY(I,J), J=1, &9
WRITE (#,#) CIXY(1,J),J=1,29)

» s

X 100 CONTINUE
a »
CLOSE (2)
. -
' # Initialize constant parameters
I »
. 0=49, 4
. L=2. 41
-~ LAMBDA=9, 62
. PI=3. 1415926 .
K=2#P1/LAMEDA
JCMELX=CMPLX (2. @, 1, ®)
' MICMPLX=CMPLX(D. @, ~1. ®)
- R=5334.0
. *
o »
- # lnput initial E-field amplitude distribution, E@
+*
- WRITE (%, %)
WRITE(#,' (A)*)' ENTER VALUE FOR €@’
-, WRITE (%, %)
- READ #, EQ@
% WRITE (#,120) EQ@
" 120 FORMAT (@' "E@ = ' ,F6.4)
- *
- .. »
i ‘i;' #* Compute exponential factors for all rows and thetas
*
PO S0@ I=1, 181
’ ) THETADEG=1-91
- » WRITE (%, 112) THETADEG
- #1112 FORMAT(* *,* THETA = °,14, ' DEGREES')
THETA= (I-91)#K1/180
BETRX=-K#SIN(THETA)
BETAZ=—K#COS (THETA)
. ERETAZ=CEXF (CMPLX (2.0, -BETAZ*Q)) |
. » ROt
- DD 390 A=1,£93 {‘;i{
- DO 20@ E=1,29 LSRN
. M=15-B St
e EXY (R, B) =CEXF (CMPLX (@, @, —-BETAX *M%]_) ) h*\F:-
- COLTOTAL=COLTOTAL+IXY (A, B)EXY (A, R) ?,}}"
200 CONTINUE N Y
ROWTOTAL=ROWTOTAL+COLTOTAL )
-
—
63
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Input initial E-field amplitude distribution, E@S

Input phase distance, Ti

Input phase distance, T2

COLTOTAL=({0.0, 2. @)
CONT INUE

S=CEXP (CMPLX (0. @, —K#R) )
S1=JCMPLX#EQ*K#S/ (2#PI#R)
ENDTH (1) =S1#EBETRZ*ROWTOTAL
WRITE(3,#) THETADEG, ENDTH(I)

ROWTOTAL= (2. @, . @)
CONTINUE
FORMAT (' *,* FOR THETA = *,14,% E-FIELD = ',2F1&.5)

DD 125, I1=1, 181
READ (3, #, END=125) DEG(I),EFIELD(I)
WRITE(#,#) DEG(I), EFIELD(I)
CONTINUE

E-FIELD OF DISKS 1 AND 2

WRITE (%, %)

WRITE (%, * (A)?)* ENTER VALUE FOR EOS'
WRITE (%, %)

READ +, E@S

WRITE (#,520) EOQS

FORMAT(' @' ,"EQ@S = ',F12.9)

v "y "af
P

U

4
I

>
A\

WRITE (%, %)

WRITE (%,7 (A)*)* ENTER VALUE FOR Tt'
WRITE (%, #)

READ #, T1

WRITE (#,540) T1

FORMAT (' @' ,*T1 = ,F6.4)

WRITE (%, #)

WRITE(#,' (RA)%)* ENTER VALUE FOR T&’
WRITE (%, #)

READ «, T2

WRITE (#,56Q) T&

FORMAT(T@' ' T2 = ' F6.4)

RO=6., 35

W=36. 9

THETA1=26*P1/18@
COSTHI=COS(THETAI)
SINTHI=SIN(THETAI)
AREA=126.7
EJKR=CEXF(CMPLX (@, @, ~K*R))




ESCONST=(EQS#K) /7 (P1#R)

. DO 600 I=1, 18%

ﬁb- THETADEG=1-91

Ve THETA=THETADEG#PI/180@
COSTH=COS (THETA)
SINTH=SIN(THETR)

COSPLTHI=COS(THETAI+THETR)
COSMITHI=COS(THETAI~THETA)
BESARG1=K#RO#* (SINTH+SINTHI)
PESARGE=K#RO# (SINTH~SINTHI)
EJKW=CEXP (CMPLX (®. @, K#W*COSTH))
T1ARG= (K#T1/2) # (COSTHI+COSFLTHI)
TEARG= (K#T2/2) # (COSTHI+COSMITHI)
EJKT1=CEXP(CMPLX (@. @, TIARG))
EJKTZ=CEXF (CMPLX (3. @, TR2RRG))
SINT1RARG=SIN(T1RRG)
SINT2RRG=SIN(TZARG)

IF(THETADEG. EQ. ~26) THEN

BESFNT1 = .5
ELSE

BESFNT1 = PESSEL (BESARG1) /FESRRG1
END IF

IF (THETRDEG .EQ. 26) THEN

HESFNTZ = .G
ELSE

BESFNT2 = PESSEL (RESARGE) /BESARGE
END 1IF

ES12TH(1) =~ (ESCONST#EJKR*EJKW*COSTHI#AREA* ( (Z#PESFNT
+ #SINTIARG*EJKT1) + (S#BESFNT2
+ *SINTZRARGH*EJKT2)))
WRITE (9, #) THETADEG, ESI2TH(I)
. * WRITE (»,601) THETADEG, ESI2TH(I)
\4; *601 FORMART (* *,*THETA = *,14,' E-FI1ELD OF DISKS 132 = ',cF10@.8)

o0 CONT INUE

E-FIELD OF FEED ‘

Input initial E-field amplitude distribution, EQFB

* % %k D%

650 WRITE (%, #)
WRITE (#,° (A)Y)* ENTER VALUE FOR EQFE'
WRITE (%, )

READ *, EGFR
WRITE (#,660) EOFE
660 FORMAT (*@ ,'EQFE = °,FB.6)

(=21 B1=120. 3
Ra=g, 5¢

65
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L DO 790 I=1, 181 pra
N THETADEG=1-91 T
e THEPR=THETADEG*P1/18@ Wt
~ N\ SINTH=SIN(THETA) R 0
; COSTH=COS (THETR) it
! EFBCONST=CMPLX (0. @, (EAFB#K) / (24P I#R) )
o EXJKOCOS=CEXP (CMPLX (@, @, KN QuCOSTH) ) b
¢ U=K*RO#SINTH hohed
A . Y ‘?
N IF (THETADEG .EQ. @) THEN gy
g BESFNCT = .5 ) o- -
= ELSE [
'; BESFNCT = BESSEL (U) /U L RUXE
o END IF ‘
i . o
o EFETH (1) =EFBCONST#EJKR#EXJKOCOS#*E1#2% (FESFNCT) Wil
i 701 WRITE(1@,#) THETRDEG, EFBYHI(I) ujﬁ, ;
- » WRITE (%, 7Q01) THETADEG, EFBTH(I) WY
- 702 FORMAT (* %, *THETA = %, 14,' E-FIELD OF FEED = ',2F10.8) g
o - it el
l ' 700 CONTINUE it LA
»*
. OPEN (13,FILE='ETOTAL.DAT', STATUS=" UNKNDWN" )
i »
_ * TOTAL E-FIELDS
- *
*
782 DO 80@ 1=1, 181
THETADEG=1-91
ETOTAL=ENDTH (1) -ES1ETH(I) ~EFETH(I)
*
WRITE(13,%) THETADEG, ETOTAL
. WRITE (#,781) THETADEG, ETOTAL
»781 FORMAT (' *,"THETA = ', 14, E-FIELD TOTAL = ', &F1Z.8)
L
S AMAG (1) =REAL (ETDTAL) #%2+AIMAG (ETOTAL ) %+2
w L
IF (THETADEG .EQ. @) THEN -
AMAGATO=AMAG (1) Farn
END IF g};«;
- LY
WRITE(11,%) THETADEG, AMAG(I) PAdS
. WRITE (», 8@1) THETADEG, AMAG(I) N
801 FORMAT (* *,'THETR = v, 14,' MAGNITUDE OF E-FIELD = *,F1&.5) &}{\(
» (R -
aoo CONT INUE
CLOSE (13)

OFEN (12, FILE='EFWRPT.DRT’, STATUS=" UNKNDWN" )

DO 9@@ I=1, 181
THETADEG=1-91
ENORM=AMAG (1) /AMAGRTA
EFPWRPT=10+ALOG1@ (ENCRM)




R TN WL W ¥ - UL (AE N R iy v St et i gk TN e al T e gagr gl

d
4

WRITE(12, %) THETADEG, EPWRPT

* WRITE (#,921) THETADEG, EFWRFT
. «901 FORMAT (' °,*THETA = ', 14, POWER PTS OF E-FIELD = ', ,F10.8)
;:3 900 CONT INUE
I *
1000 END
-
# BESSEL FUNCTION RDUTINE
L

e SR IR ST Ll NS TN

REAL FUNCTION BESSEL (X1)
REAL X1, PES1

-
N

BES1=2(X1/2)-(X14#3) / (24%3%2)+ (X1 #835) / (C#a5#12)
PESSEL=BES1

i RETURN
: END
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5 . PROGRAM  PHASCANL _;:..\,.
' ",
g . INTEGER A, B,C,D,E,F,DEG(181), THETADEG N
\ 4 » SIS
LT REAL K,LAMBDR, THETA, R, E@S, SINTH, COSPLTHI t:" s
REAL PI1,BESSEL, X1,COSTH, COSMITHI, PESARG1, SINTHI oee N
REAL BESARG2, T1ARG, T2ARG, SINT1ARG, SINT2ARG, ESCONST, COSTKI
" REAL THETAI, ARERA, RD, 71, T2, W, R@, PHASE .
. REAL BESFNT1, BESFNT2, BESFNCT, AMPL (181), PHASEC (181) PR
- A
o » N -
b COMPLEX ETOTAL . Y
COMPLEX ESI12TH(181),EJKW, EJKR, EJKT1,EJKT2 NN
»
h :
# Open input and ocutput files .
- » -

.

DOPEN (9,FILE='ES12TH. DAT', STATUS=" UNKNOWN® )

. » "
- -
. - E-F1ELD OF DISKS 1 AND 2 -
*

R # Input initial E-field amplitude distribution, EOS [
_..‘ s -t
~ 510 WRITE (o, #) :
. WRITE(#,* (A)*)?' ENTzR VALUE FOR E@S® 3
WRITE (%, %) “
N RERD #, E@S ~
L WRITE (#,%520) E®S S
[ 520 FORMART (' @' ,"E@S = *,F12.9) '
- . -
. . -
- # Input phase distance, Tt -
- .
s 530 WRITE (%, %) -

. WRITE(#,* (R)')* ENTER VALUE FOR T1°' -

N WRITE(s, %) y

o RERD #, T1

WRITE (#,540) T1 AN
. 540 FORMAT(*@*,°*T1 = *,F6.4) NG
:. - a-:_:‘__-
# Input phase distance, T2 L
~. L AJARY RS
550 WRITE (%, %) RO
WRITE (%,° (A)?)* ENTER VALUE FOR T2' et

. WRITE (%, %)
g READ #, T2
WRITE (#,560) T2
560 FORMAT (" @* ,° T2 = ' ,FB.4) e
. RENCY
S 560 RO=6. 35 BAY
- W=36.9 R
= P1=3, 1413926 IRy
!,_ THETAI=26+P1/180
i ’ 1
v
-
1.
%
-
1.
b
-
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COSTHI=COS(THETAI)
SINTHI=SIN(THETAI)
RREA=126.7

LAMBDA=9, 62

R=5334.0

K=24PJ /LAMBRDA
EJKR=CEXP (CMPLX (Q. ©, —K#R) )
ESCONST= (EQS#K) / (PI#R)
AMAGATO=. QOOCRSE96

ESCONST=(E@S*#K) / (PI*R)

DO 600 1=1, 181

*601

LN

THETRDEG=1-91
THETA=THETRADEG*#P1/18@
COSTH=COS(THETA)
SINTH=SIN(THETR)
COSPLTHI=COS(THETAI+THETA)
COSMITHI=COS(THETRI-THETR)
PESARG1=K*RO* (SINTH+SINTHI)
BESARG2=K#RO* (SINTH-SINTHI)
EJKW=CEXP (CMPLX (Q. @, K2WxCDSTH) )
T1ARG= (K#T1/2) # (COSTHI+COSPLTHI)
T2ARGe (KaT2/2) # (COSTHI+COSMITHI)
EJKT1=CEXP (CMPLX (@. @, T1RRG) )
EJKT2=CEXP (CMPLX (@, @, TEARG) )
SINT1ARG=SIN(T1ARG)
SINT2ARB=SIN(T2AREG)

IF (THETADEG. EQ. -26) THEN

BESFNT1 = .5
ELSE

BESFNT1 = PESSEL (BESARG1) /RESARG1
END 1IF

IF (THETADEG .EQ. 26) THEN

BESFNT2 = .§
ELSE

BESFNT2 = BRESSEL (BESARGEZ) /BESARG2
END IF

ES12TH(1) = (ESCONST#EJKR#EIJKW#COSTHI*AREA* ( (2#PESFNT L
#SINTI1ARGH*EJIKT1) « (2#BESFNT2
#SINT2ARGH*EJKTZ)) )

WRITE(9,#) THETADEG, ESIETH(I)

WRITE(%,601) THETADEG, ES12TH(I)

AR R UGl 22 S b Sl bane B Shine" Aoy Bl -

FORMAT (> *,*THETA = ',14,' E-FIELD OF DIGKS 1R&& = ',7F10.8)

20 CONTINUE

OPEN (13,FILE='AMPL. DAT', STATUS="' UNKNOWN® )
DPEN (14,FILE="PHASEC. DAT?, STATUS=" UNKNOWN® )
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*  YOTAL E-FIELDS
-
(69 DO 792 1=1, 181
THETADEG=1~91
ETOTAL=ES12TH(1)
PHASE=ATAN (RTMAG (ETOTAL) /REAL (ETOTALY )
PHASEC (1) = (PHASE#36@) / (2#P1)
WRITE (14, %) THETADEG, PHASEC(1)
700 CONT INUE
*
780 DO 892 I=1, 1Bt
THETADEG=1-91
ETOTAL=ES12TH(I)
AMPL (1) = (REAL (ETOTAL ) #%2+AIMAG (ETOTAL) ##Z) #%. 5
WRITE(13, %) THETADEG, AMPL (1)
800 CONTINUE
»
1000 END
»
# BESSEL FUNCTION ROUTINE
»*
REAL FUNCTION BESSEL (X1)
REAL X1, BES!
*
BES1=(X1/2)—(X1#%3) / (E#%302) + (X1 #45) / (2#*Sk1E)
BESSEL=RES1
»
RETURN
END
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PROGRAM PHASEQR

INTEGER AR,B,C,D,E,F,DEG(181), THETADEG, M

g
*

REAL O, L, K, LAMEDA, FRER, BETAX, BETAZ, THETA, R, EQ, SINTH, COSFL THI
REAL 1XY(29,2%),PI, BESSEL, X1, COSTH, COSMITHI, BESARG1, SINTHI
REAL BESARGZ, T1ARG, TEARG, SINT1ARG, SINTZARG, ESCONST, COSTHI
REAL THETAI,AREA, RO, T1, T2, W, F1, RA, U, PHASEG (181

REAL BESFNT1, BESFNTEZ, BESFNCT, AMPL (181), PHASE

i

Ayt
LI

»
-
COMPLEX EXY(29,23),COLTOTAL, ROWTOTAL,EFIELD(29),5, S1
T COMPLEX ENDTH(181),EREYAZ, JCMRLX, MICMFLX, EFRTH(1A1) ,ETOTAL
,f COMPLEX ES12TH(181),EJKW, EJKR, EJKT 1, EJKTE, EFRCONST, EXJKOCOS
»
-
: Open input and cutput files b_:
OPEN (2, FILE='CURRDIST.DAT? , STATUS=" UNKNOWN" ) AN
- OPEN (3, FILE='FEND.DAT’, STATUS=" UNKNOWN? ) "\
- : OFEN " (9, FILE="ESIZ2TH. DAT? { STARTUS=" UNKNOWN" ) KN
- OPEN (1Q,FILE="EFBTH. DAT* , STRTUS=' UNKNOWN® ) o
. o
N » rr
e # Initialize arrays s
= .

g DO S5 1=1,29
DD Se J=1,29

. EXY(1,J)=(Q.Q,2. @)
- IXV(I, N=. @

=0 CONT INUE

. S5 CONTINUE

\s DO 6@ 1=1,29
COLTOTAL= (2. Q, @. @)
ROWTOTAL= (Q. @, ., @)

CONT INUE

Read current amplitude distvibuticor factors

* xx e N
-]

DO 100 I=1, &9

) READ (&, #,END=10@®) (IXY(I1,J), J=1, &)
- WRITE(#,#) (IXY(1,1),J=1,29)

- 100 CONT INUE

»

CLOSE (&)

-
# Initialize constant parameters
-

0=49, 4
- L=2. 41

. LAMBDA=9, 62
PI=3. 1615226
K=2#P1/LAMRDA

LR
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IR JCMPLX=CMELX (2. @, 1. @)
MICMPLX=CMPLX (@, B, —1. @)
R=5334. Q@
v. 1 »
o -
. # Input initial E-field amplitude distribution, EQ
-'. *
"y WRITE (#, %)
B, WRITE(#,* (R)*)* ENTER VALUE FOR E®’
WRITE (#, %)
RERD #, E@
/- WRITE (#,120) E®@
O 120 FORMAT(*Q' ,"EQ@ = *,F6.4)
- - .
) -
# Compute exponential factors for all rows and thetas
*
DO See 1=1, 181
THETADEG=1-91
i - WRITE (%, 112) THETADEG
:-: c 112 - FORMAT(* *,* THETA = ', 14, ' DEGREES")
- THETA= (1-91)%P1/180
. BPETAX=~K#SIN(THETR)
- BETRZ=-K#*COS (THETR)
" ERETAZ=CEXP (CMPLX (®.?, ~RETAZ*0))
*
o DO 300 A=1,23
. DO 200 R=1,29
- M=15-F
s EXY (A, R) =CEXF (CMPLX (. @, —-RETAX*M#L) )
S COLTOTAL=COLTOTAL+IXY (A, R) XEXY (A, B}
- =) CONT INUE
. S ROWTOTRL=ROWTOTAL+COLTATAL
= \, COLTOTAL=(Q. 70, 2. @)
i 3o CONT INUE
ca »
) S=CEXP (CMPLX (@, @, ~K*R))
S S1=JCMPLX*EQ@¥H %S/ (Z*F'14R)
> ENDTH(I)=S1#ERETAZ#ROWTOTAL
. WRITE(3, %) TRETADEG, ENDTH(I)
"‘ »
) ROWTOTAL= (2. @, @, &)
g 500 CONT INUE
K 122 FORMAT (* ', FOR THETA = °,14,' E~FIELD = *,2F13.5)
- -
- -
S » po 125, I=1, 18t
" » READ(3, *#, END=12%) DEG(1),EFIELD(I)
: » WRITE(#,%) DEG(I), EFIELD(I)
125 CONTINUE
- L
. » E-FIELLC OF DISKS 1 AND &
.- »
- #» Input initial E-field amplitude distribution, E@S
=" *
{
< -
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YR 510 WRITE (%, %) Lis
WRITE(®,* (R)')* ENTER VALUE FOR E@S®
- WRITE (%, #) -
.- READ #, EQ@S PN
- WRITE (%,520) EOS o
- sze FORMAT (*@° ,°E@S = °,F12.9) KA
. - e
T * Y
Y * i
. Input phase distance, T1 ;1‘2
530 WRITE (%, %) -
o WRITE(%,' (R)*)* ENTER VALUE FOR T1® . A
- WRITE (%, %) 5
- READ #, T1i )
o WRITE (%,54@) T1 (.
. 549 FORMAT(* @' ,*T1 = ', F6.4) . e
- * el
* Input phase distarnce, T -
»
550 WRITE (5, %)
’ WRITE (#,' (R)')* ENTER VALUE FOR T&'
WRITE (#,#)
READ #, TZ
WRITE (#,56@) T&
- Se@ FORMAT ('@, T& = ' ,FE.4)
-
i 580 RO=6. 35 .
" W=36.9 A
- THETARI=CE+#P1/180 e
£ COSTHI=COS(THETAI) AN
. . SINTHI=SIN(THETAI} T
-~ AREA=1£6.7 el
" o EJKR=CEXF (CMOLX (R, @, ~K*R) ) S
e » ESCONST=(EQS#K) / (P1+R)
. » e
= DO 6@ I=1, 181 AR
. THETADEG=1-31 NG
s THETA=THETADEG+*F1/18@ O
> COSTH=COS (THETR) ;xi
o SINTH=SIN (THETA) o
- COSPLTHI=COS (THETAI+THETA) A
COSMITHI=COS (THETAI- THETA)
. RESARG1=HK#RO* (SINTH+SINTI'1)
- BESARG2=K#RO* (SINTH-SINTHI)
A EJKW=CEXP (CMPLX (@, @, X *¥W¥CO3TH) )
- T1ARG= (K%T1/2) « (COSTHI+COSFLTHI)
L TZARG=(K*TZ/2) # (COSTHI+CO5M; TH )
. EJHT1=CEXF (CMPLX (@. @, T1ARG))
- EJKT2=CEXF (CMPLX (@. @, TEARG) )
SINT1ARG=SIN(T1ARG)
o SINT2ARG=SIN (TEZARG?
- »
N 1IF (THETADEG. ER. ~&6) THEN
. BESFNT1 = .5
S ELSE

-
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e BESFNT1 = BESSEL (EESARG]) /BRESARGL
: END IF

IF (THETRDEG .ED. &6&) THEN
BESFNTE = .5

ELSE
BESFNT& = BRESSEL (RESARGZS) /RESARGE
END IF
»
ES12TH(]) =— (ESCONST#EJKR*EJHWsCOSTHI®AREAY ( (4 RESFNT
+ #SINTIARGH*EJKT1)Y+ (C#BESFNT2
+ #SINTZARG*EJKT) ))
WRITE(3,#) THETADEG, ESI1cTH(I)
* WRITE(#,6@1) THETADEG, ESIZTH(I)
*+601 FORMAT (* ' "THETA = ',14," E-FIELD OF DISKS 1&g = ',ZF10. 8)
-
[Y.1".] CONT INUE
-
-
To. E~-FIELD OF FEED
-
* Input initial E-field amplitude distribution, EQFB
-
65 WRITE (#, #)
WRITE(#," (A)' )" ENTER VALUE FOR EQFR’
WRITE (%, #)
READ », EOQFER
WRITE (»,66Q) EQOFE
660 FORMRT (@' ,"E@OFR = ', FD.E)
-
(314 B1=20.3
- RO=2. S4
\s *
g Do 7ee I1=1, 181
THETADEG=]1-31
THETA=THETADEG*FI/1807
SINTH=SIN(THETA)
COSTH=COS(THETR)
EFRCONST=CMPLX (2, O, (EQFB*K) / (2¥FI¥*R))
EXJHKQCOS=CEXP(CMPLX (O, @, KaQ=COSTH) )
U=H*RA*SINTH
»
IF (THETADEG .EQ. ) THEN
BESFNCT = .S
ELSE
BRESFNCT = BESSE( (U) /U
END 1IF
-
EFRTH(I)=EFBECONST#*EIKR*EXIHECDS+R1xZx (RTSINCT)
701 WRITE(1Q, %) THLTADEG, EFETH(I)
» WRITE (+, 701) THETADEG, EFRTH(I)
*7Q2 FORMAT (* ', *THETR = °,14," E-FIELD OF FEED = * 2F1¢ &)
-
700 CONT INUE
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0 AT
~ . 1‘;\' L%
EEAY PRI
¢ J.‘I" - -Nﬂ
DPEN (13, FILE="AMPL. DAT' , STATUS="' UNKNCWN' )
OPEN (14, FILE="PHASER. DAT? , STATUS=" UNKNOWN® )
i : O,
S %  TOTAL E-FIELDS f:.'}." -
e - &‘.'_'-::‘-’
0 760 DO 75@ 1=1, 181 AT
N THETADEG=1-91 ’
o, i ) ‘A! '5
ETOTAL=ENDTH (1) -ES1ZTH (1) -EFBTH (1) Wihis) e
i PHASE=ATAN (RIMAG (ETOTAL ) /REAL (ETOTAL) ) N b
. PHASEQ (1) = (PHASE*Z6@) / (Z%F1)
WRITE (14, %) THETADEG, PHASED(I) " TE,)
- 750 CONT INUE Rocoat
. ' .-. » -.-
780 DO 80Q I=1, 181 e
THETADEG=1-91 A
ETOTAL=ENDTH(I)~ES1ETH (1) -EFBTH(I) !’.,-l:\-'
. AMPL (1) = (REAL (ETOTAL) *¥Z+AIMAG (ETOTAL ) % %2 ) %%, 5
WRITE(13,%#) THETADEG, AMEL(I)
- e CONTINUE
N - . ., ..
- 1002  END
~ »
N # BESSEL FUNCTION ROUTINE
o *
iy REAL FUNCTION BESSEL (X1)
;!H REAL X1, BES1
- »*
BESI=(X1/2)— (X1483) / (2#%3%2)+ (X125) / (Z#%5818)
BESSEL=BES1
»*
RETURN
D END
»
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Appendix D. Measured Data

Measured Data
PATTERN Disc 1
Figure 18, 19

System Null at: 5.4 cm

# = +35°

Figure 20, 21
System Null at:

8 = -20°, +20°

Figure 22, 23
System Null at:
6 = -35°

Figure 24, 25

System Null at: Flush
(.3175 cm)

6 = -450

Figure 26, 27

System Null at: t2 = Full Extension
(8.7 cm)
6 = -60°
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7~ By mounting small disc refl ors <hat are moveable relative
to the inner reflector surface ¢f a paraboiic dish antenna,
nulls can be generated ir. the s.de ilcbe region of the pcwer
radiation pattern with minimal disteorzion effects to the main
beam. A physical optics model of this antenna system is
d-veloped to investigate :n a simplified direct manner the
phenomena of pi.ase nullire caused by disc movement.

Arrav theory using isciropic radiators is used to sample tre
arerture uistriovut.n toe ruximate the far fielc electric
1i.c:d of the dish. A phy a2l cptices approximaticn for
scattering otf a flat me-al disc is used for discs and feed
blockage effecis. The array thecry term plus the tee: blockage
term yields the {i&ld intensity quiescent patterns, phase and
amplituae, prcportidpal to IQQM_;G;CQ,,}\G,¢) I . _The pireical
ontire term for t¢he discs yields the field intensity
cancellation pattéyns, phzse ard amplitude, proportional to
lg-%anceﬂqfuww(6'¢?| . The quiescent patterns are gombined
with the cancellation patterns to produce_the relat1v2 power
pattern, nulled pattern, proportional tolg;chq‘(6,¢)! .
No secondary effects' such as diffraction or edge
illumination are considered.

A computer code was wWritten to irplement this
approach and the theoretical patterrs produced.
Lctual measured patterns are comparec to the
theoretical patterns. There is good agreement
between theory and actual measurements. Finall:
applications of this antenna system are presente:.
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